The influence of environmental factors such as tempera ture, light quality and quantity and major nutrients on the growth of macroalgae have been investigated by a number of reseachers.18-24) However, there are only a few reports on the effect of iron on the growth of macroalgae. Moto mura and Sakai25,261 reported that iron strongly induced oogonium formation and gametogenesis of Laminaria (Phaeophyta) and/or Desmarestia (Phaeophyta), whereas nitrate, phosphate, iodine, manganese, zinc and cobalt had no effect on these processes. Rueter and Ades27) reported that both the rates of photosynthesis and nitrate uptake of the green alga, Scenedesmus quadricauda, are strongly related to the iron concentration in the medium. The nutrients and iron naturally present in the filtered seawater used in the preparation of media were determined by a Technicon Autoanalyzer and a flameless atomic absorption spectrophotometer, respectively, after preconcentration by APDC/DDDC-chloroform organic extraction.31) The nitrate, phosphate and iron concentrations were found to be less than 5, 0.3pM and 4nM, respectively, which are negligible compared to the experimental concentrations of these additions (see above). Growth Rate of Young Sporophytes Growth rates (wet mg/day) of 10 young sporophytes were determined by calculating the difference in wet weight before and after cultivation in each iron concentration for 40 days.
Observation of Oogonium Formation

Determination of Pigment Concentrations
After cultivation the young and adult sporophytes were immediately frozen and stored at -20•Ž until pigment extraction and analyses.
1. Extraction from young sporophytes: After cultivation under each condition for 40 days, the surface area on both sides of 3-4 young sporophytes was determined. Chl-a of the young sporophytes was then determined by the fluorometric method of Parsons et al. 32) after extraction with 90% aqueous acetone. The Chl-a concentration (nmol/cmz) in young sporophytes was calculated by dividing the amount of Chl-a by the surface area on both sides. Because of the small quantity (approximately 2-35 mg) of algal tissues available, it was not possible to assay for the presence of other pigments. 
Analyses of pigments
(1) chlorophyll a and ƒÀ-carotene: It is necessary to determine extinction coefficients of Chl-a and fl-carotene in the same solvent for measurements of both substances by measuring the adsorption of the solution. This was done by comparing spectra of the standard Chl-a and fl-carotene reagents in petroleum ether and the following equations were derived: where A428 and A478 are the measured absorbances at 428 and 478nm in a 1 cm cell, respectively, which are the maximum absorption wavelengths of Chl-a and #-carotene in petroleum ether, respectively. Each amount (mg//) of Chl-a and #-carotene was calculated using the above equations from the absorbances of the 200 ml petroleum ether extract measured at 428 and 478nm.
(2) fucoxanthin: Absorbance of Fuco extracted as described above was measured at 449 nm. The Fuco concentration was determined using the following published absorptivity of fucoxanthin34): E (0.1 %, 1 cm) = 1651/g at 449 nm in petroleum ether (3) chlorophyll c: Absorbance of the acetone solution as described above was measured at 630 and 664 nm. The Chl-c concentration was calculated using the following published equations33) obtained from an absorption coefficient of Chl-c in acetone extract3 :
Chl-a (ƒÊg/ml)=Il.47A664-0.40A635 All data were analyzed using the student t-test in order to determine the significant difference between treatments. Figure  1 shows The error bars were estimated from the relative standard deviation (10.2%, n = 5) of Chl-a concentration as described in Table 1 . In this study, iron enrichment led to an increase in growth rate of young sporophytes and pigment syntheses of young and adult sporophytes, as well as oogonium formation of female gametophytes. Iron is an important biochemical component in many algal metabolic pathways. Chlorophyll synthesis is dependent on iron nutrition and iron-limited algae have low concentrations of this pigment. 1,2,27,37) Iron is also essential for electron transfer proteins (cytochromes, ferredoxin and iron sulfur proteins) and iron deficiency reduces the amount of these essential components of photosynthesis. Recent results indicate that iron also is an important component of nitrogen assimilation; the uptake rate of nitrate by S. quadricauda27) was found to be related to the iron concentration in the medium, and that the uptake rates of nitrate and nitrite for equatorial Pacific phytoplankton were stimulated by the addition of iron to seawater samples.''] The effect of iron on the photosynthetic growth of L. japonica in this study is strongly related to the biochemical processes as described above. 
Results
Effect of Iron on Oogonium Formation of Female Ga metophytes
